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& m ■* & z. t & t. ■? & m^mmmmmm. 

[ft #m 9 ] mm<v>mm& izmrnvx * ©*^hr & t&fls s & w -r s 

[0 0 0 1] 

3Stt©l«vx*^fi|#« ! ?i^J3<i:tf^«K:H'rs. 
[0 0 0 2] 

M^»«lg^^M^^OJ;e)^*^^^^^^& M 0"^' , l , HcM^^i±, 
-€-*ie>©*^JB|0>, |l>^-e©Mfe-^t>i±<7)^Ma I 0>+ iS 1 1> (a, /8 tttftjR 
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#5p 11 — 328333 

m^nx^^o ^ mm&m ic £ 5 itn n-e & s 4^- n > n° ^ - # - ^Benn 

iof (P. Benioff, Phys. Rev. Lett. 48, 1581 (1982)) , Feynman (R. P. Feyn 
man, Found. Phys. 16, 507 (1986)) , Deutsch (Proc. Roy. Soc. London Ser. 
A 400, 96(1985)) P> (C <fc »J JiSg, j^^ftSn, 3l#flSMCflF5fc3 tlT „ 
[0 0 0 3] 

4K«u lo>+/3 |i>£££„ r©«fc3&try h&fi^y hi:ng*/$. H^-tflfett 

u-iesi&jfi'riiiTfaiii&ff e>. N«©s^y m*2 n m<z>is:s:i«ic 

[0 0 0 4] 

©fi^aSf, fUSCS* tUT«I^S*iTVAS 0 L^U-ecDHJili, Steffi 

»j, w*^f- nmmc ££nm^f^mmtMft<Dmtfim£&^£oiz-t 
z>z.t.izmmmiz\ l zmi'<, zbizm^tmiz&mte. iwficnt-^ 

[0 0 0 5] 
[0 0 0 6] 

— oli, Ciraci:Zoller*«3aa&WlCfil5eLfc>f*> h 9 y ^SrSftlMfS^SST? 
(J. I. Cirac and P. Zoller, Phys. Rev. Lett. 74, 4091 (1995)) „ Z 
©2M£T?tt, >ft>-ofo & m>*- ^T-JgUlfcSV*!! LTSffiffiOflHK h 9 
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#5jz i 1—328333 



fi&m^fc<Tttfc&?\ ^©/h^fcj^HSt-e&So A*^v b\z^* 

[0 0 0 7] 

bT^JMLfe, NMR*^fr2¥li<Bf^#&P>*iTV>.& (N. A. Gershenfeld, I 
. Chuang, Science 275, 350 (1997)) „ ZKZ^&T?^ ft* fa<DR*<D&Z> bf 

[0 0 0 8] 
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#5j2 i 1-328333 

[0 0 0 9] 

L/fe4^-fcf y S<Z)HJ^^^ie>tlT^-S (Y. Nakamura, Yu. A. Pashkin, 
and J. S. Tsai, Nature 398, 786 (1999)) „ Nakamura P> MfeW^MlZZb 

^^mmuaj:i:^mt.h. £f=.&m*¥v hz^t-uy Mc^t-* 

[0 0 10] 

, #Flf 1 0 - 2 5 4 5 6 9#£jtpg) o 77 - U>ffl^»i«H 

l:^-^>t;f a-^t^tSiilt^lSitSc W^m^-tl^ NMRff 

[0 0 1 1 ] 

a±©J:e){c, ^<z>7j^"e«, ^rant- u>*>-&«o£fc#nrtB-r?, 
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[0 0 12] 

m(Dm*&z^i*mm*:mm?z>z\£.t>mmx&z> 0 tt^mmht=.t.Lx^. m 

f £ Z. £ it T*£ & # o £ . 
[0013] 

[#83ii b j: e> £ t & mm] 

[0014] 

#3fiWl±_tiBM=fe#J«LTfc3;ftfc%<B-e, ^tf> Sift £ -t Z> £ r 5 1±» Kit 
[0 0 15] 
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iff ¥ 11-328333 

J: tf^B 

[0 0 16] 

[0 0 17] 

St5 Z. < T2m&<Dmi3L^t> J &(Dty;m$:mtZ J &Z> r £ BTIBJ&sKtTa. U 
-i/3>- N ¥y tfZfomVfc.T'fJ 7Af-f y*-rCyfe-S? (adiabatic 
passage) ng^itlS#&#fUJBT?g £ <fc o \Z& U , >f - h ±m&fr <b 

& £ « $ i± S r £ # «r m t*& z> o 

[0 0 18] 
[0019] 
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1 1—3283 33 

m -t & mummm^m &c £ o t £ c £ £^ 2 mfe-e & & ^ ^ & 

tz.&>. mftm*ic£2>A?-¥v b<Dnte&t>i*:<nv<M<D&&mmtf£k<. -earn 

[0 0 2 0] 

[0 0 2 1] 
[0 0 2 2] 

&lfffi&ffi*£#i8«©ttilCfeeL*t\ ^iBS^E- Kick oT«»©«fea^©IBI 
[0 0 2 3] 
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#3* 1 1-328333 

w*sm X&Z> a 

[0 0 2 4] 
[0 0 2 5] 

[0 0 2 6] 
[0 0 2 7] 
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[0 0 2 8] 

(c £ & m ffiM^ £ m%m^ izwtm * ^ &fs$s -r & z t. # *im ^m^mm^mm 

[0 0 2 9] 

*^'(tig^a^fi jc ^ ^ t , (c Mi* t & % <d mm^t iz&tmx iz 
mht=.m&zftmzi*:. ^n? tizm^n<D&mzmm?z> z. 

[0 0 3 0] 
[0 0 3 1 ] 

(i) bt LX3m&frbm&.2n&y!)m&zm\<\ ytizzzm^^ 

v bo^mmz'mvx, sm&mzzmnnyhzfcmz^&m&izmmzti&tf^^ 

*mmx%z>& 0 

[0 0 3 2] 

MttlcM^fS^i:^ fi*©*^* b*MiLizmtfF-tZ>z.£1tnSm£.L 

[0 0 3 3] 

(3) flMNOTi^i:'©, 2M^¥v bM±(DmtlZ>'f-bMmz { &m& 
[0 0 3 4] 
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[0 0 3 5] 

^©3*5lffiMti, 7r ^ 7 7 ^ • t - i? i: ^ ^ J; 'J 
«^Wtc38#«riB*tf3&v^2!|lfi:©M*i^*5-tir<3D^JIR«:* : ? : ^y hi:t53t^T' 

g&tc&b. f3t-l/>^CD®r »JIC<W V^^ffJItf 
[0 0 3 6] 

^<£>i e> (CUT, ±sa© J: e> *^MW**^tf-»^BriBlc«:S. 

[0 0 3 7] 

<D£&m*¥v ht. LTmm-tz<Dizm%)T*&z> 0 #±sa>r;*-> soffits 
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#5p 11-328333 

f=.2m&<DMta&t>1£<Dftnifi&X&Z£tfiftfr^X^Z> (K. Ichimura, K. Yam 
amoto, and N. Gemma, Phys. Rev. A 58, 4116 (1998).) . tiitMi^Xit^^ 

[0 0 3 8] 
[0 0 3 9] 

x*^^-©<£v%^^e>jetc, io>, u>, \e>t.m-? r iiicrs 

a |0> + 0 |1> (a, 0 temiPilfc) ( 1 ) 

[0 0 4 0] 

z<D&$temta&t>i£<Dftm&&J&'t&\cte. |o> - |e>ffl2&<z);g&M&&& 

£Mi£8tv B ©#B shirrs. *ti"?n©3ti:fta^©ffisf^ffl©^:#s«, 

[0 04 1 ] 

v Rabi = /iE/h (ht±^>^ffc) (2) 

^Ai:3fcB©Ba*fTf io>4:|i>^m&*;^vx, ^ (3) vm2nz>nte&t> j &<DW 

J»|PT>#£fifc<35*lS 0 
[0 0 4 2] 

l PT > = Wabi.Oe 2 + v Rabi,le 2 ) " 1/2 " v Rabi,le' l 0> 

~ ^ v Rabi,Oe 2 + v Rabi,le 2) ~ 1/2 ' v Rabi,Oe- (3) 
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1 1 — 328333 



v Rabi,Oe = ^Oe- E A /h (4) 

) 

v Rabi,le = ^le- E B /h ( 5 } 

) 

£^£tl£ 0 iPTMisKfcfa. l/->> 3 y • h7*;t!>y (population trapping) 
ttJS, -^-h (dark state) 5£ ( 3 ) &C^$*l 

[0 0 4 3] 

H = h ' v Rabi,Oe* l e > <0l + h ' v Rabi,le- |e> <H + h.c. ( h. c. : 

^JV^-bPim (6) 

©H^Rflre&y, ft£#«Lfc2tftbfc^3tKfl&\ -r&;t>*K <oi, <n*^<e| 

[0 0 4 4] 

« v Rabif0e /\i:Wf«i«rK:3E^S*-6cii:S:#A-&. I»ift£v^<£>tt> sK-ffco 

-r*^^MIft», ^Rabi.Oe^ ^ R abi,le (t)lCj:oT ^ raiC ^ #t "^ 
IT |PT>(t)# 

= <'"Rabi f 0e< t > 2 + v Rabi .le^ 1 ' 2 " v Rabi ,le<*> " " 0> 
" ^Rabi.Oe^) 2 + v Rabi l le( t ) 2 ) 1/2 - v Rabi,0e( t >"l 1> 

(7) 

[0 0 4 5] 
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1 1 — 328333 

PT>(t) = uxcsfi^s (02) „ Lfr : bmk(Dffl : b±m&\e>izMm2nz> z 

[0 0 4 6] 
[0 0 4 7] 

[0 0 4 8] 
[0 0 4 9] 

i#gtf)^J»tf>|0> r |e>.|a, |1>. - |e>.|g, |0>j - iDiflCl^Mil 

le,j = v E T*&£M9fc#3£(Z>f£#£^tt\ jjftfa. I/- S/ a > • h ^ y fc:° > ^ 
le "ettofc3»^air»^ISrtT? (v A , v B ) a£^©S>Sl6ffl«tCAS«>ai^««3fc 
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#3* 1 1—328333 

v le =v 0e +v B -v A (8) 
»C*ofc, *S^(v Rabi>0e 2 + v RaM>le 2 ) 1/2 / 2 1/2 , *S#|0> - |e>, |1> 

[0 0 5 0] 
[0 0 5 1 ] 

S£ot, v Qe .- v le ^ffi±t'W5M&, H3tcH^Lfeflg«ga!S: 
[0 0 5 2] 

[0 0 5 3] 

H = h/(2rc )-g-c + |l> <e| + h/(2?r ) -g-c|e> <l|, (9) 
HmtStlZo fe^U ^iS**^- K^fflSftUBf Z>MM*m®£. LX<1\ -<e\ 

a^&ssife. ^ o) ic^vNT, c + , ctt^ti-rn^iss^- k©*^, m 

lllft-feS. Sfcste&sS; (10) Testis, ^Jg**^- KiiftJimi:© 

[0 0 5 4] 

g = - (27c)(/tt-e • E c )/h (10) 
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#3* 11—328333 

„ E c tt5£ (id xmtm. mBLx^^^-^fDM^mo^mm^m'to 

[0 0 5 5] 

E c = (h- v/(2 £q -V)) 1/2 (11) 
[0 0 5 6] 
[0 0 5 7] 

, ^Sat^- Kh^B^t-S^-r-So *£tC#»J©3», *fc*>^ v 0e,l* v 0e,2 
[0 0 5 8] 
[0 0 5 9] 

[»i J 

2 

(h * v Rabi,i'|0 >ii<e| + h. c. + (h /(2 k ))-g-c + |l >,• , < c| + h. c.) 

i=l 

(12) 

[0 0 6 0] 

tt'u io> -loTOfi j:t>*ii> - \e>mm(DMm^~^> bizmL 

v Rabi,i = ^Oe' E i / h < x 3 > 

(rit, Ai Qe : |0> - \e>mm®<Dm®MM^' : £-* y K Ej : 

©;*:££) 

[0 0 6 1 ] 

e^/MG&jgSftfe^ "sKtrrLl/-2/a>- bT>^JB" (12) ©H^ 

tIhlT#«t§. *<Z>o%(D2^>Wk<Di% (14) , 5$ (15) 
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[0 0 6 2] 

|PT Q > = |1> 1 1 l> 2 |n=0> (14) 

l PT l> = N l^Rabi,2' g; l° > ll 1> 2l n=0> + v Rabi f r g ' |1> ll° > 2l nas0> 

" ( 2w )- v Rabi > r v Rahi i 2-l 1> ll 1> 2l n=1> ) (1 5) 

fceu n^tm&itfem. m^ntrvh (|n=o&£» 7*h><z>»#& 

[0 0 6 3 ] 

Km o 1/ - if - 3fcT?ra * CD -Y * > S: L T ii^t -5 # >f ^©ifltlSJC £ 
<^Ti8^2;tx£:, Pel lizzari (T. Pellizzari, S. A. Gardiner, J. I. 

Cirac, and P. Zoller, Phys. Rev. Lett. 75, 3788 (1995).) Z> Z\ £. 

JKTlCPellizzari^©^&»MLTif©«I:e>K:«!l»NOTS&^S:ff J& 

[0 0 6 4] 

Pellizzari^CD^j^-rtt, ffl#¥N O T|&f£© tC, |0\ |1>. |e>#fl8ill, 
TV^2j!&£fflV^ t , ^T<Z)^^T' : fo|0>«|0>i: |0'\ 1 1>« | l>fc 1 1* >, |e>tt| 

©#±£>r * y (DMummm^m x$l c x v ^ * ti -e ti *&& u r v * -a 3 

X. S^bTy h^T-r-f Trt"r4 v *-^viz-S?<0*£i:l^l£, "y^M 

v Rabifl « v Kabif2 ^e»v Rabif2 « v Rabifl ^*fl:s«i 

|PT 1 > = |0> 1 |l> 2 |n=0> -» 1 1> 1 1 0> 2 1 n=0> (16) 

|0 , > 1 |l'> 2 |n=0> -» |1* > 1 |0' > 2 |n=0> (17) 
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<l It 

#5p i 1 — 3 2 8333 



[0 0 6 5] 

*Z\s-*-%*mSi1t3Kftmz^ v Rabi k « v Rabifl *&v Rabifl « v 

Rabi^^^^^b^i^Ttj, k#@hl#g©%«©r4T^ (18), « (1 

9) Testis, ra«i©An#^tsif^*«BriB-??*s. 

[0 0 6 6] 

|PT 1 > = 1 0> k l 1>j |n=0> -» |l> k |0> 1 |n=0> (18) 
|0' > k |l' >i |n=0> -» 1 1 ' > k | 0' > 1 1 n=0> (19 

) 

-®k#g£, i#B<z>a^-bfy hRfT?ffi!l«rNOTS&^&fT«:-5fc»jc, -eft-?*! 

mLW.?a tte1o*>. $rL<"0"£"l"£^t- SS^J»|0(new)> k , |1( 

new)> k , |0(new)> 1 , 1 1 (new) > l £ ^tl^il 

|0(new)> k = |0> k (2 0) 

|l(new)> k = |l>k (2 1) 

|0(new)>j = |l>j (2 2) 

|l(new)> 1 = \V> 1 (2 3) 

[0 0 6 7] 

v Qe>k , v 0efl ©l/-if-«:MI#U v Rabi k « v Rab|>I »6v 
Rabi.l « v Rabi>k ^i£#£^t£i±3^ |0(new)> k |0(new)> 1 , 1 0 (new) > k 1 1 ( 
new)>j, |l(new)> k |0(new)> 1 , 1 1 (new)> k | 1 (new)> 1 , ©4o©4^ffiti, #CfC 

[0 0 6 8] 

|0(new)> k |0(new)>j = |0> k |l>j -» |l> k |0>! (24) 

|0(new)> k |l(new)> 1 = |0> k | 1' >j -» | l> k l 0* >j (2 5) 

|l(new)> k |0(new)> 1 = | l> k | 1>j ] l> k | 1>j (2 6) 

|l(new)> k |l(new)>j = U^U^j -* U^U'^ (2 7) 

1 8 2000-3053790 



# 11—328333 

|1>! -» \V> { (28) 
1 1* > ! -» U>! (29) 

«mc 2^<Du-*f-&m<Dmmz£*j, v Ra bi,i « v r 

abi,k*'^ v Rabi,k ^Rabi,l /S<D ^^ [:$: ^ V ^ k# i ^ 1* i 
[0 0 6 9] 

[0 0 7 0] 

|0(new)> k |0(new)> 1 = |0> k |l>, -» | l> k |0> 1 -» U> k l0>, 

-» |0> k |l>j = |0(new)> k |0(new)>j (2 4) 

|0(new)> k |l(new)> 1 = |0> k |l'>j -* I l> k l°* >1 l^k' 0 '^ 

— |0> k | 1' >j = |0(new)> k |l(new)>j (2 5) 

|l(new)> k |0(new)> 1 = | l> k | 1>j -» |l> k |l> 1 -» U^U'^ 

-» U> k U'>i = |l(new)> k |l(ne W )> 1 (2 6) 

U(new)> k |l(new)> 1 = |l> k |l* >j U^U'^ -» U> k U>i 

-» | l> lc 1 1> i = U(new)> k |0(new)> 1 (2 7) 



[0 0 7 1 ] 
|0>|0> -» | 0> | 0> 
|0>|1> |0>|1> 
|1>|0> -> |1>|1> 

|1>|1> -* |1>|0> (2 8) 
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1 1—328333 

[0 0 7 2] 

n & ^tiA^mmmm z e> ^ t #t? £ s £ e> ic & s „ 

[0 0 7 3] 

[0 0 7 4] 
[0 0 7 5] 

(mmm i ) 

0. 0 5 %^f5c^ii:fe 2 mmX 2mmX 2mmfflY 2 S i OgMiH (t)t©Y 2 S 
iO 5 fflY 3+ ^0. 0 5%l:Pr 3+ t:fiiUfct)©) SrMSbfe,, CKajgH*: 

tft^lSrje^iBtf&S^gCDfiDraOjg^lC^l*^- S 6 0 5. 98nm (1650 
2. 3 cm" 1 ) jfiia© v A JCM?ft3RS:^*5*fcU > ^&it -<Z> b-if-ft 

7. 3MHz0l/-f-)tB5:Mtlfe B 
[0 0 7 6] 

£1\ l/-f-^A?:5 0mW/cm 2 , U -*f-% B & 5 W/ c m 2 tf)3&gT*&£ 

H&ftU ^Silg&lBfjeLfc. o^fC, b-f-)tA5:5 0mW/cm 2 , 

l/-if-#B £ 5W/cm 2 ffl3SlT«0. 1 ^_tflg*f L/, ■Z<DW.mz^m 
ft^B fc'W^ 5 mW/ c m 2 fflMTUs*it«L, 3&3fc3&lK&iW£ Lfc- * 

^Bic«i:«9^?ft»v Rabi>A , v Rabi>B icjscT, ytAnytBizm^vmrn-r 



2 0 
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#5J2 i 1—328333 



/ 2 . 2x-l/2 las r 2 , 2x-l/2 

(v Rabi,A +v Rabi,B ) v Rabi ,B - 1 a> " ( v Rabi ,A +v Rabi,B } 

* v Rabi,A' |b> 

« u vNjB«am»5ii|sffijc# o t l * o t -s tc & t~ t. i%x h n s . 

[0 0 7 7] 

(mrnrn 2 ) 

[0 0 7 8] 
[0 0 7 9] 

0 5 2 mmX 2 mm X 2 mmtf) Y 2 S i 0 5 MH 1 1 SrJfjftl/feo 3 

>^-feilU'-if-©M:R£, 135 1 1 cf©Pr 3+ (Z)Si£©i/a.^;i/^m^ 3 H 4 (l) 
JllflMlt^S^DffllffllliC^ltS 605. 9 8 nm (1650 

2. 3 cm -1 ) j&miz&t>i±. ztoyt&m^T&fti ltomytmmx** hji* 
^WHiaotisifc f©^, h;i/tf>tc, iiookHzc 

i»iR«^K:J:S*)'r^J&'\i*«««8W3tifc (06) „ ititt, 
[0 0 8 0] 

»t5MHz£^«3tfe. #ClC, 3 H 4 (l)0®»«iM0-O, 10. 2 
MHzfiitfl 7. 3MHz©»*J 5 MH z £tt{£V*Mifc»©2oa>f8i&iK 
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i 1—328333 

bfco mzmm<Dm\i^m^L. h?«£M3&i 6 5 o 2. 3cm" 1 M0v k 

tc^bfel/-f-^ki:-etiJ;UM?MAU 7. 3MHzt'CtlS^l/-f-^ 
k'£, b-lf-^k' <Z)3£S (5W/cm 2 ) 2>\ Iz-if-ft k <£>3£,g£> 1 0 0 

miztezj: oizwtmLxmMis, i7. 3mh zMnt=.mffltmmMm&e>tefr<D 

> k ^n?4*r^tcbfe. &KIP^eD;£ire v k #£ 1 0 OMH z £tf!£;fi£MM: 

v, = v k +i o omh zoytmMtnmmmcDmuT*, v ^ly-^-ytuz^ 

^•-©ffiv^roifMfttcfB^U ^17. 3 M H z iti fc M»f If ft© X ^ 

ju^-^m^izmm-ts^mit. \i> l £.u$&z.}nzLt^ 0 

[0 0 8 1] 

I^fc^ « Ij^ft^ <fc^tc38J£U jftl/BSTM! « I k fc&S<fc^lcSE<ffc;!Si2r& 
T% 17. 3 MH z t'WItlfe2ipt©x^;b^-©l^^(Z)lil^iji^W 

[0 0 8 2] 

z>^*>-t)\ mmmizm&(DMvt~m&<D¥%biz&&?zfrzm^t=.£z.?>. 

[0 0 8 3] 

5:»t5MHzM5itfe 0 ?^C, 3 H 4 (1)«)IMMM, 10. 2MHz£ 
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#5p i 1—328333 

fc«»®3Jfln&#BfcU 6 5 0 3 c m -1 ^© v k {C@^L 

felz-if-^k^-etlJ: 'JMWl 7. 3MHz^fi^U-f-^k'§, 1/ 
-if-ftk' (5W/cm 2 ) U-if-^k©^© 1 0 0*g{C&£ £ ? 

(C^5£LTM£fU 17. 3MHzllt4xfefittjW#^&©^^©fiv^^©i!lfil 
^ffli|o> k ic^ffiS:^ufc. vuzm&ajjmv v k frb 1 0 OMH zJltifcMSE 
Iv, = v k + 1 0 OMH z ®^MMi:Si&^«)WitIT\ v j©l/--tf-^UC 

i7. 3MHzMvmtifc&mmmmm&(Dn^j3* -rfcfc-bii^ic^ufc. 

[0 0 8 4] 

M©M££tf U-lf-ftflMM-e, 17. 3MHz^Witife2$fi(Z)x^;i/ 
[0 0 8 5] 
[0 0 8 6] 

[0 0 8 7] 
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